Background Patient satisfaction has increasingly been recognized as an important measure after total knee arthroplasty (TKA). However, we do not know yet how and why the patients are satisfied or dissatisfied with TKA.
Introduction
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patient satisfaction and function after TKA are lower than after a similar procedure, THA [4, 24, 34] . Increasingly, surgeons are paying more attention to how satisfied patients are after TKA.
Patient satisfaction and postoperative knee function have been difficult to evaluate. Quantifying satisfaction in a valid way is the challenge. Satisfaction is not straightforward to assess and unvalidated instruments can provide misleading data. Currently we do not have a gold standard method to measure patient satisfaction after TKA. Patientderived outcome scales have become increasingly important [23, 25] because physician-based scores are poorly related to patient-derived measures [6, 19] . Patient satisfaction and knee function have been evaluated in the postoperative setting using disease-specific (WOMAC [3] , Oxford-12 [11] ) and patient-specific methods (MACTAS [32] ), global health surveys (SF-36 [33] ), and functional capacity instruments (KOOS [5] ). Until recently there were no instruments to specifically measure patient satisfaction and knee function after TKA. In 2012 The Knee Society developed a new scoring system to better characterize the expectations, satisfaction, and physical activities of patients who underwent TKA [27, 30] .
Many factors could affect satisfaction and function after TKA. A number of preoperative and postoperative factors, including infection, postoperative alignment, and soft tissue balancing, have been related to prosthesis failure [7, 13] . However, relatively few studies have evaluated the effect of postoperative knee alignment on patient satisfaction, and several have shown age and ROM correlate with satisfaction and function [5, 10, 26, 28] .
Therefore, we asked the following questions: (1) After TKA, how satisfied are patients and which activities were they able to do? (2) Are patient-derived scores related to physician-derived scores? (3) Which factors affect patient satisfaction and function?
Patients and Methods
We reviewed data on 375 patients who underwent 500 primary TKAs between February 22, 2000 and December 1, 2009. We excluded 34 patients with revision arthroplasties, patients bedridden as a result of reasons other than knee surgery, and those who underwent another surgical procedure during the study period. We mailed a questionnaire to 543 patients, 375 (69%) of whom returned the completed questionnaire ( Table 1 ). The questionnaire was sent to each patient 1 month before her or his office visit. Four hundred ten knees (82%) had a cruciate-substituting design; 90 knees (18%) had a cruciate-retaining design. The cruciate-retaining design was mainly indicated for the patients with small deformities (approximately less than 10°). All patients had patellar resurfacing. The minimum followup was 2 years (mean, 5 years; range, 2-12 years). No patients were recalled specifically for this study; all data were obtained from medical records and the questionnaires. Our institutional review board approved this survey.
We sent all patients questionnaires containing all patient-derived components of two scores: The 1989 Knee Society Clinical Rating System [18] and The 2011 Knee Society Scoring System [30] . The knee score and functional score of the Knee Society Clinical Rating System (Table 2) , which was introduced in 1989 [18] , were assessed by the surgeon using a scoring sheet. Hip-kneeankle (HKA) angle was measured on the full leg-length standing radiograph, and ROM of the knee was measured with a goniometer. The new 2011 Knee Society Score questionnaire [30] has four categories: symptoms, patient satisfaction, patient expectations, and functional activities (Table 3) . Patients are asked to grade their symptoms, 
Mean preoperative extension angle ± SD (degrees)
Mean preoperative flexion angle ± SD (degrees)
Mean preoperative Knee Society total knee score ± SD 45 ± 16
Mean pain score ± SD 18 ± 9
Mean stability score ± SD 22 ± 7
Mean preoperative Knee Society function score ± SD
± 24
Mean hip-knee-ankle angle ± SD (degrees) 186 ± 4 expectations, and satisfaction for each question. These assessments and measurements were obtained at the last office visit. We used linear regression analysis to determine the relationship between the patient-derived symptom score of The 2011 Knee Society score (Table 2 ) and the physicianderived Knee Society pain score (Table 3 ) and between the patient-derived functional activities score of The 2011 Knee Society score (Table 2 ) and the physician-based Knee Society functional score (Table 3) . We performed multivariate linear regression analyses to determine which factors affected symptoms, satisfaction, expectations, and function. In the multivariate linear regression, dependent variables included sex, age, BMI, primary diagnosis, postoperative HKA angle, and postoperative ROM. All statistical analyses were performed with JMP 9.0 (SAS Institute Inc, Cary, NC, USA).
Results
After TKA, the mean overall score for The 2011 Knee Society score [30] was 105 points, the mean satisfaction score was 23 of 40, and the mean expectation score was 10 of 15. These scores were lower than the symptom score of 19 of 25 (Table 4 ). In functional activities, patients feel difficulty for advanced activities such as running, kneeling, and squatting (Table 5 ). The physician-derived Knee Society pain score [18] was 47 of 50, and the physicianderived Knee Society functional score [18] was 82 of 100.
We found a poor correlation between the patient-derived symptom scores [30] and the physician-derived pain scores [18] (Fig. 1 ). There was a weak correlation between the patient-derived total functional score [30] and the physician-derived functional score [18] (Fig. 2) .
Regarding patient satisfaction, old age and varus postoperative HKA angle negatively correlated with the patient satisfaction score (Table 6 ) [4] . Varus alignment and limited ROM negatively correlated with the patient expectations score (Table 7) . Old age, rheumatoid arthritis, and limited ROM negatively correlated with the functional activities score (Table 8) . We identified no variables that related to the symptoms score ( Table 9 ).
Discussion
TKA is one of the most successful orthopaedic procedures considering its longevity and ability to relieve pain. Higher rates of success for this procedure have led younger and more active patients to undergo knee arthroscopy. Consequently, patients increasingly expect to be more active and pain-free after surgery. Therefore, it is important we How much does your knee bother you during each of the following activities?
1. Walking on an uneven surface (5 = no bother/slight/moderate/ sever/very severe/cannot do) 2. Turning or pivoting on your leg (5) 3. Climbing up or down a flight of stairs (5) 4. Getting up from a low couch or a chair without arms (5) 5. Getting into or out of a car (5) 6. Moving laterally (stepping to the side) (5)
Advanced activities (25) How much does your knee bother you during each of the following activities?
1. Climbing a ladder or step stool (5) 2. Carrying a shopping bag for a block (5) 3. Squatting (5) Volume 471, Number 1, January 2013 Patient Satisfaction After TKA 129 evaluate patient satisfaction after TKA in more detail. The conventional Knee Society scoring system asked for patient input in only three aspects: pain, walking, and stairclimbing ability ( Table 2) . With this system, it has been difficult to comprehensively understand the postoperative condition [16] and the high inter-and intraobserver variations of the system were also reported [21] . The 2011 Knee Society scoring system was developed to better characterize the expectations, satisfaction, and physical activities of patients who underwent TKA. The new system is more patientderived and much longer (30 questions) and more timeconsuming to administer than the conventional system ( Table 2 ). This scoring system was validated using standard statistical and psychometric procedures [27] . We used the questionnaire of The 2011 Knee Society Scoring System Symptom score 19 ± 6 (74%)
Satisfaction score 23 ± 8 (59%)
Expectation score 10 ± 3 (64%)
Functional activities score 53 ± 23 (53%)
The Knee Society Clinical Rating System [30] Pain score 47 ± 6 (94%)
Function score 82 ± 19 (82%) Turning or pivoting on your leg (5) 4 ± 1 (80%)
Climbing up or down a flight of stairs (5) 3 ± 2 (62%)
Getting up from a low couch or a chair without arms (5) 3 ± 1 (64%)
Getting into or out of a car (5) 3 ± 1 (68%)
Moving laterally (stepping to the side) (5) 4 ± 1 (76%)
Advanced activities (25) 9 ± 17 (37%)
Climbing a ladder or step stool (5) 3 ± 2 (54%)
Carrying a shopping bag for a block (5) 4 ± 2 (70%)
Running (5) 2 ± 2 (30%) Discretionary activities (15) 7 ± 5 (45%) Fig. 1 The graph shows the relationship between the patient-derived symptom score of the 2011 Knee Society score and the physicianderived Knee Society pain score. Linear regression analysis showed a poor correlation between the patient-derived symptom scores and the physician-derived pain scores. Fig. 2 The graph shows the relationship between the patient-derived functional activities score of the 2011 Knee Society score and the physician-based Knee Society functional score. Linear regression analysis showed a weak correlation between the patient-derived total functional score and the physician-derived functional score. How much does your knee bother you during each of these activities?
1. Activity A (5) 2. Activity B (5) 3. Activity C (5) Reprinted with permission from The Knee Society, Copyright 2011 by The Knee Society.
[30] to address the following questions: (1) After TKA, how satisfied were patients and which activities were they able to do? (2) Were patient-derived scores related to physicianderived scores? (3) Did postoperative knee alignment and ROM affect patient satisfaction and function?
We acknowledge limitations to our study. First, patient satisfaction is difficult to evaluate. The 2011 Knee Society score has not been validated for satisfaction in part because there is no gold standard for measuring patient satisfaction after TKA against which a new score could be validated. We asked the five questions in the scoring system, but they would not capture everything about patient satisfaction. Furthermore, results would vary depending on who and how the questionnaire is administered and how the questions are posed. Second, we did not evaluate patient expectations and functional activities before surgery. Patient satisfaction has been closely related to their expectations [9, 14, 29, 31 ], but we only retrospectively asked whether their expectations were met. Functional activities should be evaluated in changes by the surgery. Third, the questionnaire was mailed to the patients 1 month before their office visit and the physician-derived evaluation was obtained at their office visit. Therefore, the time difference at which the two scores were obtained is within 1 month but not completely the same. This time difference would possibly be one of the reasons for discrepancy in patient-based and physician-based scores. Fourth, mental health is an important aspect in patient satisfaction [22, 29] , but we were unable to evaluate this factor. Lastly, we asked the patients about their functional activities by questionnaire, but we did not clarify if these scores are related to their actual ability to perform the activities.
We found most patients did not report symptoms, but satisfaction and expectation scores were relatively low. In previous studies, approximately 80% of the patients expressed overall satisfaction with their primary TKA [5] , but it was difficult to compare our results with those from earlier studies because few scored the degree of satisfaction. Measuring functional status after knee surgery has also been an important part of the postoperative evaluation. This study showed the average functional activities score [30] was 53% in patients with an average age of 71 years. Dahm et al. [10] reported that the UCLA function score was 7.1 out of 10 in patients with an average age of 67 years at TKA. In addition to the fact that these two scoring systems are not identical, this difference might have been partly explained by the difference in age. Functional status varied with age; therefore, comparison against preoperative status would be more relevant than the absolute value of the postoperative functional status score. Physicians tend to overestimate outcomes compared with patients [8, 19, 35] . Poor correlation between patientderived and physician-derived scores has been reported after TKA [6, 17, 18] . We also showed that surgeons overestimated symptoms and function and there was a weak relationship between the patient-derived [30] and physician-derived scores [18] on postoperative pain and function. One of the reasons for discrepancy is that the physician overestimated the symptom and functional activities after TKA, as reported before [19] . The other possible causes are differences in the two scoring systems. Therefore, we cannot determine that the value of each system is identical. The findings of this study confirmed that patient-derived outcome scales are important for measuring improvements in function and satisfaction after surgery.
Determining which factors affect patient satisfaction and knee function has been a very important clinical issue. We found older patients and those with knees in varus alignment were less satisfied with the surgery. Previous studies also showed that younger patients were more satisfied with TKA [5, 26] . One of the possible reasons has been that younger patients tend to have less difficulty during postoperative rehabilitation, whereas older patients tend to have more complications. In the current study, expectations were less frequently met in patients with a more restricted ROM and with varus alignment. Devers et al. [12] also reported that increased ROM had a positive association with achievement of expectations but not with satisfaction. To our knowledge, few studies evaluated the effect of postoperative knee alignment on patient satisfaction. Although one study suggests patients are not able to judge alignment correctly [15] , we found postoperative varus alignment results in lower patient satisfaction and fewer expectations met by TKA. These findings are difficult to be correctly explained, but these suggest that patients would not prefer varus knees. We also showed postoperative functional activities correlated with patient age, primary diagnosis, and postoperative ROM. Previous studies also found that age and ROM correlated with functional status [12, 28] . However, postoperative knee alignment was not related to functional activities. Although malalignment reportedly increases the risk of implant failure [7, 13] , our data suggest that although patients dislike malalignment, it does not affect knee function in midterm followup.
The current postoperative survey revealed most patients did not report symptoms but experienced difficulty with functional activities after TKA. We also confirmed patientderived assessment is lower than surgeon-derived measurement. To increase satisfaction and meet patient expectations, surgeons should achieve proper postoperative knee alignment and to increase ROM.
